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1. INTRODUCTION

This paper discusses the timers in the RRC Connection Re-establishment procedure. Some corrections to the procedure description are proposed and an additional timer (parallel to T314) is proposed to enable the controlling of RT and NRT services separately in case of radio link failure. Furthermore, it is proposed to remove counter V301 and related IE N301 to ensure that UE and RNC states will stay synchronized also during lost radio connection.

2. DISCUSSION

Currently there is only one timer (T314) to control the maximum time allowed for UE to find a new cell and send the RRC CONNECTION RE-ESTABLISHMENT REQUEST message after radio link failure. Timer T314 can have a value between 0…4095 seconds. The timer value is set by RNC and sent to UE in dedicated messages (e.g. Radio Bearer Setup/Release/Reconfiguration, Transport channel reconfiguration, etc). Thus, the timer value can be changed during the RRC connection, depending e.g. on the current service configuration of a UE.

Although the value of T314 can be changed when radio bearers are added/reconfigured/removed, the same timer applies to the whole UE = all active radio bearers. Thus, when simultaneous RT (speech) and NRT (packet data) connections exist, the timer value has to be set according to the RT service, which in practice must be few seconds (at least in case of a speech service,otherwise the user will hang-up the call before the re-establishment timer expires). However, a TCP connection could survive of a much longer break (in the order of minutes or even tens of minutes). Thus, with the existing concept, the NRT service(s) may be dropped unnecessarily quickly, since it will be dropped together with the parallel RT service(s). If the re-establishment timer in this example case was set according to the NRT service, this would partly move the responsibility of RT bearers release (in case of radio link failure) to upper layers and make the whole RRC Connection Re-establishment procedure very clumsy. Another aspect supporting this "two-timer-approach" is that if there will be no mechanism to stop billing for the duration of radio link failure, it may be feasible to disable the procedure for those services which are billed according to used time (that is, "RT" services, e.g. speech). On the other hand, services that can be billed according to actual transmitted amount of data ("NRT" services), could still utilize the re-establishment procedure.

Another identified problem is that the UE behaviour when T314 value is 0 is not specified. We propose that value 0 can be used (by UTRAN) to disable the use of the RRC Connection re-establishment procedure. This would leave the control of the usage of this procedure for the operator. (As a reference, in GSM many operators have disabled the (CC) Connection Re-establishment procedure, because the billing in GSM cannot be stopped for the duration of radio connection failure. The same problem will remain in UMTS.)

Yet another problem (error?) has been identified in the description of the RRC Connection Re-establishment procedure. Now the specification says that T314 is stopped immediately when the UE detects "in service area" after a radio link failure. Consider the following example: T314=1000s and UE finds a new cell (detects "in service area") e.g. 10s after radio link failure (DPCH-out-of-synch) has been detected. Now T314 is stopped and UE sends the re-est-request message to UTRAN. If the RRC Connection Re-establishment procedure now fails (controlled with timer T301 and counters N301, V301) the UE moves to idle mode. Thus, UE moves to idle mode although over 900 seconds of T314 was unused !!! (Exact time left would be 1000 - N301*T301, which, according to TS25331v310 would equal 1000-8*8=936 seconds). If the reason for procedure failure was that the RNC did not receive any of the N301 * RRC CONNECTION RE-ESTABLISHMENT REQUEST messages, this would lead to a situation that UE has moved to idle mode, but RNC is still waiting for possible re-establishment (until timer equivalent to T314 expires in RNC). We assume that this is an error in the procedure description (chapter 8.1.5) and propose a correction to it.

3. PROPOSAL

For the first problem discussed  above we propose to add a second RRC Re-establishment timer, T315. Since grouping radio bearers by using terms 'RT bearer' and 'NRT bearer' is not unambiguous, we propose a very simple solution to group the radio bearers between these two timers as follows:

T314:  all radio bearers utilizing transparent or unacknowledged mode of RLC

T315: all radio bearers utilizing acknowledged mode of RLC.

The motivation for this kind of split comes from the assumption that PS domain RT services, e.g. VoIP, will require most probably unacknowledged mode RLC entity (to be able to efficiently utilize PDCP header compression function).

For the second problem described above, we propose to add a sentence defining that if T314 value is set to 0, the use of RRC Connection Re-establishment procedure  for radio bearers utilizing transparent or unacknowledged mode of RLC is disabled. In practice this would mean that a radio link failure will cause immediate release (locally by UE and by RNC) of such radio bearers.

Similar definition for T315=0 (concerning services utilizing acknowledged mode of RLC) is proposed.

Furthermore, the value range for T314 (currently 0..4095 seconds) is proposed to be changed to 0..128 seconds (which may still be unnecessary large value for Tr and UM services ?). For T315, value range 0...4095 seconds is proposed.

For the third problem we propose a correction to the procedure description so that T314 (+T315) is stopped only after successful RRC Connection Re-establishment procedure. A correction to the actions after expiry of T301 or DPCH failure are also proposed. We propose to remove the counter V301 (and N301). The reason for this is the example case presented in the 'discussion' chapter. Thus, if the reason for V301 reaching N301 would be that the RRC CONNECTION RE-ESTABLISHMENT REQUEST messages have never reached RNC, the usage of these counters will lead to inconsistency between RRC states in UE and RNC (UE moves to IDLE, while RNC stays in "awaiting RRC re-establishment" state until T314 in RNC expires). Instead we propose that UE may continue sending RRC CONNECTION RE-ESTABLISHMENT REQUEST messages (while in "in service area") until T314 and T315 expire or a response message from RNC is received. With these corrections the procedure is unambiguous and synchronization of UE states between UE and UTRAN is ensured.
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8.1.5
RRC connection re-establishment
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Figure 9: RRC Connection Re-establishment, successful case
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Figure 10: RRC Connection Re-establishment, failure case

8.1.5.1
General

The purpose of this procedure is to re-establish a lost RRC connection. 

8.1.5.2
Initiation

When a UE loses the radio connection due to e.g. radio link failure (see 8.5.6) in CELL_DCH state, the UE may initiate a new cell selection by transiting to CELL_FACH state. 
If timer T314=0 and timer T315=0 the UE shall

-
enter idle mode. The procedure ends and a connection failure may be indicated to the non-access stratum. Other actions the UE shall perform when entering idle mode from connected mode are specified in subclause 8.5.2

If timer T314=0 the UE shall

-
Release locally all radio bearers (except Signalling Radio Bearers) using Tr or UM RLC. An indication may be sent to the non-access stratum.

If timer T315=0 the UE shall

-
Release locally all radio bearers (except Signalling Radio Bearers) using AM RLC. An indication may be sent to the non-access stratum.

If T314>0 and the UE has radio bearers using Tr or UM RLC, it shall 

-
start timer T314.
If T315>0 and the UE has radio bearers using AM RLC, it shall 
-
start timer T315.
8.1.5.3
Detection of "in service area"
If the UE detects "in service area"(see 8.5.10), it shall 


-
Set the IE "U-RNTI" to the value stored in the UE.

· Include an IE "Measured Results", as specified in the IE "Intra-frequency reporting quantity for RACH reporting" and the IE "Maximum number of reported cells on RACH" in system information block type 12.
· transmit an RRC CONNECTION RE-ESTABLISHMENT REQUEST message on the uplink CCCH and start timer T301.
8.1.5.4
Reception of an RRC CONNECTION RE-ESTABLISHMENT REQUEST message by the UTRAN

UTRAN may either

-
Initiate the RRC connection re-establishment procedure and transmit an RRC CONNECTION RE-ESTABLISHMENT message on the downlink DCCH on FACH or 

-
Initiate the RRC connection release procedure in CELL_FACH state. 

8.1.5.5
Reception of an RRC CONNECTION RE-ESTABLISHMENT message by the UE

Upon reception of the RRC CONNECTION RE-ESTABLISHMENT message the UE shall

-
Stop timer T301

-
Re-establish the RRC connection according to the IEs included in the RRC CONNECTION RE-ESTABLISHMENT message 

-
Transmit a RRC CONNECTION RE-ESTABLISHMENT COMPLETE message on the uplink DCCH using AM RLC.

The UE shall use the contents of the RRC CONNECTION RE-ESTABLISHMENT message as specified in clause 8.5.7, unless specified otherwise in the following.
-
For each reconfigured radio bearer use the mapping option applicable for the transport channels used according to the IE "RB mapping info".

-
Configure MAC multiplexing if that is needed in order to use said transport channel(s).

-
Use MAC logical channel priority when selecting TFC in MAC.

If neither the IEs "PRACH info" nor "Uplink DPCH info" is included, the UE shall

-
Let the physical channel of type PRACH that is given in system information Block Type 6 be the default in uplink. If system information block type 6 is not present in the cell, the UE shall let the physical channel of type PRACH given in system information block type 5 be the default in uplink.

If neither the IEs "Secondary CCPCH info" nor "Downlink DPCH info" is included, the UE shall

-
Start to receive the physical channel of type Secondary CCPCH that is given in system information.

The UE shall use the transport channel(s) applicable for the physical channel types that is used. If the IE "TFS" is neither included nor previously stored in the UE for that transport channel(s), the UE shall

-
Use the TFS given in system information

If none of the TFS stored is compatible with the physical channel, the UE shall

-
Delete the stored TFS and use the TFS given in system information

If the IE "New C-RNTI" is included, the UE shall

-
Use that C-RNTI when using common transport channels of type RACH, FACH and CPCH in the current cell.

If the IE "New U-RNTI" is included, the UE shall update its identity. 

If the IEs "CN domain identity" and "NAS system information" are included, the UE shall 

-
Forward the content of the IE to the non-access stratum entity of the UE indicated by the IE "CN domain identity".

The UE shall enter a state according to 8.5.8.

8.1.5.6
T314 timeout

Upon expiry of timer T314 the UE shall
If timer T301 is running, 

- 
continue awaiting response message from UTRAN

If timer T301 is not running and timer T315 is running, 

-
Release locally all radio bearers (except Signalling Radio Bearers) using Tr or UM RLC. An indication may be sent to the non-access stratum.

If timers T301 and T315 are not running, 

-
enter idle mode. The procedure ends and a connection failure may be indicated to the non-access stratum. Other actions the UE shall perform when entering idle mode from connected mode are specified in subclause 8.5.2
8.1.5.7
T315 timeout

Upon expiry of timer T315 the UE shall

If timer T301 is running, 

- 
continue awaiting response message from UTRAN
If timer T301 is not running and timer T314 is running, 

-
Release locally all radio bearers (except Signalling Radio Bearers) using AM RLC. An indication may be sent to the non-access stratum.

If timers T301 and T314 are not running, 

-
enter idle mode. The procedure ends and a connection failure may be indicated to the non-access stratum. Other actions the UE shall perform when entering idle mode from connected mode are specified in subclause 8.5.2

8.1.5.8
T301 timeout or DPCH failure

Upon expiry of timer T301, or
 if the UE failed to re-establish the RRC Connection indicated in the RRC CONNECTION RE-ESTABLISHMENT message the UE shall

If timers T314 and T315 are not running, 

· enter idle mode. The procedure ends and a connection failure may be indicated to the non-access stratum. Other actions the UE shall perform when entering idle mode from connected mode are specified in subclause 8.5.2
If timer T314 has expired during the last T301 cycle and T315 is still running, 
-
Release locally all radio bearers (except Signalling Radio Bearers) using Tr or UM RLC. An indication may be sent to the non-access stratum.

If timer T315 has expired during the last T301 cycle and T314 is still running, 

-
Release locally all radio bearers (except Signalling Radio Bearers) using AM RLC. An indication may be sent to the non-access stratum.

The UE shall re-check whether it is still in "in service area" (see 8.5.10). 
If the UE still finds "in service area", it shall

- 
set the IEs in the RRC CONNECTION RE-ESTABLISHMENT REQUEST message according to subclause 8.1.5.3.
-

transmit a new RRC CONNECTION RE-ESTABLISHMENT REQUEST message on the uplink CCCH and restart timer T301. 


If the UE does not find "in service area", it shall

· continue searching for "in service area"
· 
8.1.5.9
Reception of an RRC CONNECTION RE-ESTABLISHMENT COMPLETE message by the UTRAN

When UTRAN has received the RRC CONNECTION RE-ESTABLISHMENT COMPLETE message, the procedure ends on the UTRAN side.

10.2.3.29
Re-establishment timer
This information element indicates timers T314 and T315.
Information Element/Group name
Presence
Range
IE type and reference
Semantics description

T314
M
0..128
Integer
Maximum RRC Connection re-establishmet time for radio bearers using Tr and UM RLC.

T315
M
0..4095
Integer
Maximum RRC Connection re-establishmet time for radio bearers using AM RLC.

10.2.3.37
UE Timers and Counters in connected mode

This information element indicates timers and maximum values of each counter used in UE in connected mode.
Information Element/Group name
Presence
Range
IE type and reference
Semantics description

T301
M

Integer(1...8)
Value in seconds







T302
M

Integer(1...8)
Value in seconds

N302
M

Integer(1..8)


T303
M

Integer(1...8)
Value in seconds

N303
M

Integer(1..8)


T304
M

Enumerated(200, 400...2000)
Value in milliseconds

N304
M

Integer(1..8)


T307
M

Enumerated(5, 10..50)
Value in seconds

T308
M

Integer(40, 80...300)
Value in milliseconds

T309
M

Integer(1...8)
Value in seconds

13.1
Timers for UE

Timer
Value Range (seconds)
Relations 
Start
Stop
At expiry

T300


Transmission of RRC CONNECTION REQUEST
Reception of RRC CONNECTION SETUP
Retransmit RRC CONNECTION REQUEST if V300 =< N300, else go to Idle mode

T301


Transmission of RRC CONNECTION REESTABLISHMENT REQUEST
Reception of RRC CONNECTION REESTABLISHMENT 
See chapter 8.1.5.8.

T302


Transmission of CELL UPDATE
Reception of CELL UPDATE CONFIRM 
Retransmit CELL UPDATE if V302 =< N302, else, go to Idle mode

T303


Transmission of URA UPDATE
Reception of URA UPDATE CONFIRM
Retransmit URA UPDATE if V303 =< N303, else go to Idle mode

T304


Transmission of UE CAPABILITY INFORMATION
Reception of UE CAPABILITY INFORMATION CONFIRM
Retransmit UE CAPABILITY INFORMATION if V304 =< N304, else initiate RRC connection reestablishment 

T305


Entering CELL_FACH or CELL_PCH state. Reception of CELL UDPATE CONFIRM. 
Entering another state.
Transmit CELL UPDATE if T307 is not activated.

T306


Entering URA_PCH state. Reception of URA UDPATE CONFIRM.
Entering another state.
Transmit URA UPDATE if T307 is not activated.

T307


When the timer T305 or T306 has expired and the UE detects "out of service area".
When the UE detects "in service area". Or,

initiate cell update or URA update procedure depending on state
Transit to idle mode

T308


Transmission of RRC CONNECTION RELEASE COMPLETE
Not stopped
Transmit RRC CONNECTION RELEASE COMPLETE if V308 =< N308, else go to idle mode. 

T309


Upon reselection of a cell belonging to another radio access system from connected mode
Successful establishment of a connection in the new cell 
Resume the connection to UTRAN

T310


Transmission of PUSCH CAPACITY REQUEST
Reception of PHYSICAL SHARED CHANNEL ALLOCATION
Transmit PUSCH CAPACITY REQUEST if V310 =< N310, else procedure stops.

T311


Reception of PHYSICAL SHARED CHANNEL ALLOCATION message with the parameter "PUSCH Allocation Pending" set to "pending".
Reception of PHYSICAL SHARED CHANNEL ALLOCATION message with parameter "PUSCH Allocation Pending" set to "not pending".
UE may initiate a PUSCH capacity request procedure.

T312
Integer (1..16)

When the UE starts to establish dedicated CH
When the UE detects consecutive N312 "in sync" indication from L1. 
The criteria for physical channel establishment failure is fulfilled

T313
Integer (1..16)

When the UE detects consecutive N313 "out of sync" indication from L1.
When the UE detects consecutive N315 "in sync" indication from L1.
The criteria for Radio Link failure is fulfilled

T314
Integer (0..128)

When the UE detects that it is out of sync.
The timer is started only if radio bearer(s) using Tr or UM RLC exist.
When the RRC Connection Re-establishment procedure has been completed. 
See chapter 8.1.5.6

T315
Integer

(0..4095)

When the UE detects that it is out of sync.
The timer is started only if radio bearer(s) using AM RLC exist.
When the RRC Connection Re-establishment procedure has been completed.
See chapter 8.1.5.7

13.2
Counters for UE

Counter
Reset
Incremented
When reaching max value

V300
When initiating the procedure RRC connection establishment 
Upon expiry of T300.
When V300 > N300, the UE enters idle mode.






V302
When initiating the procedure Cell update
Upon expiry of T302
When V302 > N302 the UE enters idle mode.

V303
When initiating the procedure URA update
Upon expiry of T303
When V302 > N303 the UE enters idle mode.

V304
When sending the first UE CAPABILITY INFORMATION message.
Upon expiry of T304
When V304 > N304 the UE initiates the RRC connection re-establishment procedure

Counter
Reset
Decremented
When reaching zero

V308
When sending the first RRC CONNECTION RELEASE COMPLETE message in a RRC connection release procedure.
Upon expiry of T308
When V308 =0 the UE stops re-transmitting the RRC CONNECTION RELEASE COMPLETE message.

Counter
Reset
Incremented
When reaching max value

V310
When sending the first PUSCH CAPACITY REQUEST message in a PUSCH capacity request procedure
Upon expiry of T310
When V310 > N310 the UE stops re-transmitting the PUSCH CAPACITY REQUEST message.
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